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57 ABSTRACT

A TFT array substrate includes a plurality of pixels arranged
in a matrix, in which the pixel includes a thin film transistor,
apixel electrode conductively connected to a drain electrode,
and a common electrode that is formed opposite the pixel
electrode with an insulation film interposed therebetween. In
the TFT array substrate, when one of the pixels is focused, the
pixel electrode is divided into a plurality of divided pixel
electrodes and includes a plurality of branch conductive parts
that conductively connect each of the drain electrode and the
plurality of divided pixel electrodes, and in plane view, the
common electrode is not formed in at least a part of a forma-
tion region of the plurality of branch conductive parts.

7 Claims, 6 Drawing Sheets
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THIN FILM TRANSISTOR ARRAY
SUBSTRATE, MANUFACTURING METHOD
THEREOEF, AND LIQUID CRYSTAL DISPLAY
DEVICE

INCORPORATION BY REFERENCE

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2011-12990,
filed on Jan. 25, 2011, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin film transistor array
substrate, a manufacturing method thereof, and a liquid crys-
tal display device using the same.

2. Description of Related Art

A liquid crystal display device is one of thin panels, and
widely used for monitors of personal computers and portable
information terminal devices and TVs taking advantages
including low power consumption and small and lightweight.
The mainstream of current liquid crystal display devices is an
active-matrix type including a plurality of display signal
wires and a plurality of scanning signal wires arranged in a
lattice pattern, and a thin film transistor (hereinafter referred
to as TFT) formed as a switching element in a pixel region
surrounded by the display signal wires and the scanning sig-
nal wires.

There is an increasing demand to a high-definition image
display device by the development of multimedia industry.

The TN (Twisted Nematic) mode which is a conventional
liquid crystal mode is a method to change a display state of on
and off by applying a vertical electric field vertical to the
substrate, raising and dropping liquid crystal molecules
against a substrate surface according to an applied state of
voltage. The TN mode does not have a good viewing angle
characteristic due to its principle.

IPS (In-Plane Switching and IPS is a registered trademark
of Hitachi Displays Ltd.) mode is a method to change the
display state of on and off by applying a horizontal electric
field substantially parallel to the substrate and moving liquid
crystal molecules in plane which is substantially parallel to
the substrate. The IPS mode has a wider viewing angle char-
acteristic as compared to the TN mode, and is used for TV use
etc.

Inrecent years, the FFS (Fringe Field Switching) mode, the
improved IPS mode, has been developed. The FFS mode is a
method to move the liquid crystal molecules by applying an
oblique electric field not only the horizontal electric field,
which is substantially parallel to the substrate, and has an
excellent viewing angle characteristic in a similar manner as
IPS.

In the IPS mode, both of a pixel electrode and a common
electrode for driving liquid crystals are made to be a comb
shape, and are arranged to interdigitate without the combs not
touching each other. The IPS mode is a configuration in which
the pixel electrode and the common electrode do not overlap
in plane view. Usually, the gap between the pixel electrode
and the common electrode in the IPS mode is larger than a cell
gap and an electrode width.

In the IPS mode, the liquid crystal molecules that are
positioned between the pixel electrode and the common elec-
trode are driven in plane view, however the liquid crystal
molecules that are positioned immediately above the pixel
electrode and the common electrode are hardly driven. There-
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fore, the section immediately above the pixel electrode and
the common electrode cannot contribute to display, and the
transmittance is low, and thus it is difficult to obtain bright
display properties.

On the other hand, in the FFS mode, the pixel electrode and
the common electrode are disposed opposite with an insula-
tion film interposed therebetween, and between the pixel
electrode and the common electrode, a lower electrode does
not include an opening, and an upper electrode is formed in a
shape including an opening that generates a fringe electric
field between the upper electrode and the lower electrode. The
FFS mode is a configuration in which the pixel electrode and
the common electrode overlap with an insulation film inter-
posed therebetween in plane view.

For example, in the liquid crystal display device shown in
FIG. 1 and FIG. 2 of International Patent Publication No.
W02001/018597, the upper electrode includes a plurality of
slit-shaped openings in a plate-shaped electrode. In the liquid
crystal display device shown in FIG. 3 of Japanese Unexam-
ined Patent Application Publication No. 2001-056476 and
FIG. 3 of Japanese Unexamined Patent Application Publica-
tion No. 2003-084303, the upper electrode has a comb struc-
ture.

The gap between the pixel electrode and the common elec-
trode in the FFS mode is smaller than the cell gap and the
electrode width.

In the FFS mode, the liquid crystal molecules positioned
immediately above the electrode can be driven by using the
oblique electric field. Therefore, when the pixel electrode and
the common electrode are formed of a transparent conductive
film such as an indium tin oxide (ITO), an electrode part can
also contribute to display. Accordingly, in the FFS mode,
higher transmittance can be achieved than the IPS mode.

Inthe liquid crystal display device of the FFS mode, unlike
the TN mode and the IPS mode, two layers of transparent
conductive films need be laminated as the pixel electrode and
the common electrode with an insulation film interposed ther-
ebetween over the same substrate. These two layers of trans-
parent conductive films only have a thin insulation film inter-
posed therebetween, and a short-circuit between the
electrodes is generated and a pixel defect may be generated.

In order to reduce the pixel defect due to the short-circuit
between the electrodes, the insulation film disposed between
the electrodes can be a multilayer structure, however it is not
preferable as the number of manufacturing processes
increases.

SUMMARY OF THE INVENTION

The present invention is made in light of the above-men-
tioned background, and aims to provide a TFT array substrate
that has a configuration in which the pixel electrode and the
common electrode are disposed opposite with the insulation
film interposed therebetween and improves the quality of the
producteven when an electrical defect is generated in a part of
pixels.

An exemplary aspect of the present invention is a thin film
transistor array substrate that includes a plurality of pixels
arranged in a matrix, in which the pixel includes a gate elec-
trode, a gate insulation film, a thin film transistor including a
semiconductor film of at least one layer including a channel
layer, a source electrode and a drain electrode formed distant
from each other, a pixel electrode conductively connected to
the drain electrode of the thin film transistor, and a common
electrode that is formed opposite the pixel electrode with an
insulation film interposed therebetween. When one of the
pixels is focused, the pixel electrode is divided into a plurality
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of divided pixel electrodes and includes a plurality of branch
conductive parts that conductively connect each of the drain
electrode and the plurality of divided pixel electrodes, and in
plane view, the common electrode is not formed in at least a
part of a formation region of the plurality of branch conduc-
tive parts.

In the thin film transistor array substrate of the present
invention, the plurality of branch conductive parts can be
composed of the drain electrode, a drain extended part
extended from the drain electrode, the pixel electrode, or a
pixel electrode extended part extended from the pixel elec-
trode.

Another exemplary aspect of the present invention is a
manufacturing method of a TFT array substrate that includes
when an electrical defect is generated in a part of the pixel,
removing at least a part of the branch conductive part that
conductively connects the divided pixel electrode including a
generation region of the electrical defect and the drain elec-
trode, and blocking the conductive connection between the
divided pixel electrode including the generation region of the
electrical defect and the drain electrode.

According to the present invention, it is possible to provide
the TFT array substrate that has a configuration in which the
pixel electrode and the common electrode are disposed oppo-
site with the insulation film interposed therebetween and
improves the quality of the product even when an electrical
defect is generated in a part of pixels.

The above and other objects, features and advantages of the
present invention will become more fully understood from
the detailed description given hereinbelow and the accompa-
nying drawings which are given by way of illustration only,
and thus are not to be considered as limiting the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a main part plane view showing a configuration
of a TFT array substrate according to a first exemplary
embodiment;

FIG. 1B is amain part plane view showing a manufacturing
method of'the TFT array substrate according to the first exem-
plary embodiment;

FIG. 2 is a cross-sectional view taken along line II-II of
FIG. 1A;

FIG. 3 is a main part plane view showing a configuration of
a TFT array substrate according to a second exemplary
embodiment;

FIG. 4 is a main part plane view showing a configuration of
aTFT array substrate according to a third exemplary embodi-
ment;

FIG. 5 is a cross-sectional view taken along line V-V of
FIG. 4; and

FIG. 6 is a main part plane view showing a configuration of
a TFT array substrate according to a fourth exemplary
embodiment.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[First Exemplary Embodiment]

A TFT array substrate according to a first exemplary
embodiment of the present invention is explained with refer-
ence to the drawings. The TFT array substrate of this exem-
plary embodiment is used preferably for an active-matrix type
liquid crystal display device.
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This exemplary embodiment explains a fringe field switch-
ing (FFS) mode for transmissive liquid crystal displays as an
example.

FIG. 1A is a main part plane view showing a configuration
of'one pixel of the TFT array substrate. FIG. 1B is a main part
plane view showing a manufacturing method ofthe TFT array
substrate. These views are perspective diagrams. FIG. 2 is a
cross-sectional diagram taken along line II-II of FIG. 1A.

The position and scale of each component in each drawing
are for convenience, and they are different from actual ones
(the same applies to other exemplary embodiments).

A TFT array substrate 101 of this exemplary embodiment
is a substrate in which a plurality of pixels that include, over
an insulating substrate 11, a gate electrode 12, a gate insula-
tion film 13, a thin film transistor (TFT) 10 including a semi-
conductor film 14 of at least one layer including a channel
layer, a source electrode 15 and a drain electrode 16, which
are formed distant from each other, and a pixel electrode 20
conductively connected to the drain electrode 16 of the TFT
10, are arranged in a matrix.

In this exemplary embodiment, one TFT 10 and one pixel
electrode 20 are formed in one pixel. A plurality of TFTs 10
can also be provided in one pixel.

In this exemplary embodiment, the insulating substrate 11
is a transparent substrate formed of glass, plastic, etc. Over
this substrate 11, the gate electrode 12 and a gate wire 22 that
is connected to the gate electrode 12 are formed by a first
metal film.

Over the abovementioned first metal film, the gate insula-
tion film 13 formed of a first insulation film is formed to cover
this.

Inthis exemplary embodiment, the island-shaped semicon-
ductor film 14 of at least one layer including a channel layer
is formed over the gate insulation film 13.

In this exemplary embodiment, in plane view, the semicon-
ductor film 14 is patterned in a formation region of the gate
electrode 12.

As the semiconductor film 14 of atleast one layer including
the channel layer, a laminated structure of the channel layer
and an ohmic contact layer for ensuring an ohmic contact with
source/drain electrodes is preferable.

As the semiconductor film 14 of atleast one layer including
the channel layer, a laminated structure of an intrinsic semi-
conductor layer forming the channel layer and an n type
impurity semiconductor layer forming the ohmic contact
layer is preferable.

As the semiconductor film 14 of atleast one layer including
the channel layer, a laminated structure of an intrinsic a-Si
film and an n type a-Si film doped with an impurity such as
phosphorus is preferable. Here, a-Si indicates amorphous
silicon.

The source electrode 15, the drain electrode 16, and a
source wire 25 that is connected to the source electrode 15 are
formed by a second metal film over the substrate 11 where the
above semiconductor film 14 is formed.

The region sandwiched between the source electrode 15
and the drain electrode 16 in the semiconductor film 14 is a
channel region.

The pixel electrode 20 is formed by connecting to the drain
electrode 16 by a first transparent conductive film such as ITO
(Indium Tin Oxide) over the substrate 11 where the above-
mentioned source electrode 15 and the drain electrode 16 are
formed.

A passivation film 30 is formed by a second insulation film
over the entire substrate 11 where the TFT 10 and the pixel
electrode 20 are formed.
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A common electrode 40 is formed opposite the pixel elec-
trode 20 by a second transparent conductive film such as [TO
over this passivation film 30.

In this exemplary embodiment, the pixel electrode 20 is a
lower electrode and the common electrode 40 is an upper
electrode.

The TFT array substrate 101 is a FFS mode substrate in
which a fringe electric field is generated between the pixel
electrode 20 and the common electrode 40. The common
electrode 40, which is the upper electrode, includes a plurality
of slit-shaped openings 41 extending in parallel towards an
extended direction of the source wire 25 formed in a plate-
shaped electrode.

In this exemplary embodiment, when focusing on one
pixel, the pixel electrode 20 is divided into a plurality of
divided pixel electrodes 20D. In plane view, it is preferable
that the plurality of openings 41 of the common electrode 40,
which is the upper electrode, are included in the formation
region of individual divided pixel electrode 20D.

In the example of the drawings, each pixel electrode 20 is
divided into three divided pixel electrodes 20D, each divided
pixel electrode 20 forms a rectangular shape extending
towards the extended direction of the slit-shaped opening 41
of the common electrode 40, and is patterned so that two
slit-shaped openings 41 of the common electrode 40 are
included in the region of each divided pixel electrode 20D.

However, the design of the shape of each divided pixel
electrode 20D, the shape of the opening 41 of the common
electrode 40, and the number of openings 41 of the common
electrode 40 included in the region of each divided pixel
electrode 20D can be modified as appropriate (the same
applies to other exemplary embodiments).

The plane shape of the common electrode 40, which is the
upper electrode, is not limited to amode in which the plurality
of slit-shaped openings 41 are formed in the plate-shaped
electrode, but may be a shape that can generate the fringe
electric field with the pixel electrode 20.

In this exemplary embodiment, the opening 41 of the com-
mon electrode 40 is a closed rectangular shape surrounded by
two long sides and two short sides in plane view. The opening
41 may be a rectangular shape which includes two long sides
and only one short side, and the other short side is opened. For
example, the plane shape of the common electrode 40, which
is the upper electrode, may be a comb structure as in FIG. 3 of
Japanese Unexamined Patent Application Publication No.
2001-056476 and FIG. 3 of Japanese Unexamined Patent
Application Publication No. 2003-084303 mentioned in the
paragraph of “Description of Related Art”. The plane shape of
the common electrode 40, which is the upper electrode, may
be a configuration in which a stripe-shaped electrode is con-
nected at a turning part and forms one electrode, for example.

In this exemplary embodiment, when focusing on one
pixel, a part of the drain electrode 16 or a drain electrode
extended part extended from the drain electrode 16 composes
a plurality of branch conductive parts 16B each conductively
connecting the drain electrode 16 and the plurality of divided
pixel electrodes 20D.

In this exemplary embodiment, an edge of each branch
conductive part 16B is recessed under the corresponding
divided pixel electrode 20D, and a part of corresponding
divided pixel electrode 20D and the branch conductive part
16B overlap in plane view.

In this exemplary embodiment, in plane view, the common
electrode 40 is not formed in the main part of the drain
electrode 16 (the part excluding the plurality of branch con-
ductive parts 16B) and a part of the formation region of the
plurality of branch conductive parts 16B, and only the edge of
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the pixel electrode 20 side of the plurality of branch conduc-
tive parts 16B overlap the common electrode 40. In FIG. 1A,
the numeral 40E indicates an end of the drain electrode 16
side of the common electrode 40.

As for the pattern of the plurality of branch conductive
parts 16B, a connection pattern between the corresponding
branch conductive part 16B and the divided pixel electrode
20D, an overlap pattern of the corresponding branch conduc-
tive part 16B and the divided pixel electrode 20D, and an
overlap pattern of the branch conductive part 16B and the
common electrode 40, the design can be modified as appro-
priate.

The branch conductive part 16B may be composed of a part
of'the divided pixel electrode 20D or a divided pixel electrode
part extended from the divided pixel electrode 20D.

The passivation film 30 disposed between the pixel elec-
trode 20 and the common electrode 40 may not maintain the
insulating properties due to a foreign object generated during
the manufacturing process, and a pixel defect by a short-
circuit between the pixel electrode 20 and the common elec-
trode 40 may be generated.

When an electrical defect is generated in a part of a pixel
due to the short-circuit between the pixel electrode 20 and the
common electrode 40, at least a part of the plurality of branch
conductive parts 16B is removed to block the conductive
connection between the divided pixel electrode 20D includ-
ing the generation region of the electrical defect and the drain
electrode 16.

In this exemplary embodiment, in plane view, it is the
configuration in which the common electrode 40 is not
formed in at least a part of the formation region of the plurality
of branch conductive parts 16B. In this exemplary embodi-
ment, in the region 16 A where the common electrode 40 is not
formed, it is possible to easily remove at least a part of the
branch conductive part 16B by a laser cut or the like.

If, in plane view, the branch conductive part 16B com-
pletely overlaps the common electrode 40, when at least a part
of'the branch conductive part 16B is removed by the laser cut
or the like, there is a possibility that the branch conductive
part 16B and the common electrode 40 of the drain side are
conductively connected and a short-circuit failure may extend
to the entire pixel electrode 20. However there is no such
possibility in this exemplary embodiment.

Next, an example of the manufacturing method of the TFT
array substrate 101 of this exemplary embodiment is
explained.

First, a first metal film, which is to be the gate electrode 12
and the gate wire 22, is formed by the sputtering method using
DC magnetron over the insulating substrate 11 formed of a
transparent substrate such as a glass substrate and a quartz
substrate. As the first metal film, a metal film formed of Mo,
Cr, W, Al, Ta, and an alloy mainly formed of these is prefer-
able. After that, the patterning is performed and the gate
electrode 12 and the gate wire 22 are formed.

After the gate electrode 12 and the gate wire 22 are formed,
the gate insulation film 13, which is the first insulation film, is
formed by the plasma CVD method. As the gate insulation
film 13, a silicon nitride film is common and a silicon oxide
film or a silicon oxynitride may be used.

After the gate insulation film 13 is formed, the a-Si film is
formed by the plasma CVD method. It is common for the a-Si
film to have a laminated structure of an intrinsic semiconduc-
tor layer forming a channel and an impurity semiconductor
layer including phosphorus etc. in order to ensure an ohmic
contact with the source/drain electrodes 15 and 16. After that,
the patterning is performed and the island-shaped a-Si semi-
conductor film 14 is obtained.
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After the semiconductor film 14 is formed, the second
metal film, which is to be the source electrode 15, the drain
electrode 16, and the source wire 25, is formed by the sput-
tering method using DC magnetron. As the first metal film,
the second metal film formed of Mo, Cr, W, Al, Ta, and an
alloy mainly formed of these is preferable. After that, the
patterning is performed, and the source electrode 15, the drain
electrode 16, and the source wire 25 are formed.

In this process, when focusing on one pixel, a part of the
drain electrode 16 or the drain electrode extended part
extended from the drain electrode 16 patterns the plurality of
branch conductive parts 16B that each conductively connect
the drain electrode 16 and the plurality of divided pixel elec-
trodes 20D, which are formed in a later process.

After that, as for the impurity semiconductor layer for
obtaining the ohmic contact with the source/drain electrodes
15 and 16, it is common to remove a part of the impurity
semiconductor layer by etching using the source/drain elec-
trodes 15 and 16 as a mask in order to reduce the number of
mask processes.

After the source/drain electrodes 15 and 16 and the source
wire 25 are formed, the first transparent conductive film,
which is to be the pixel electrode, is formed by the sputtering
method using DC magnetron. The first transparent conduc-
tive film can be formed of ITO or IZO (Indium Zinc Oxide) or
the like. After that, the patterning is performed and the pixel
electrode 20 is formed. In this process, when focusing on one
pixel, the pixel electrode 20 is formed with the pattern in
which the pixel electrode 20 is divided into a plurality of
divided pixel electrodes 20D.

In this exemplary embodiment, since a part of the corre-
sponding divided pixel electrode 20D and the branch conduc-
tive part 16B overlap in plane view, the conductivity between
corresponding divided pixel electrode 20D and the branch
conductive part 16B can be favorably achieved.

After the pixel electrode 20 is formed, the passivation film
30, which is the second insulation film, is formed by the
plasma CVD method. The passivation film 30 can be formed
by an inorganic insulation film, such as a silicon nitride film,
a silicon oxide film, a silicon oxynitride film or the like. The
passivation film 30 can be also formed by coating an acrylic or
imide organic insulation film. The passivation film 30 may be
a laminated structure of an inorganic insulation film and an
organic insulation film.

After that, contact holes are opened (not illustrated) in the
passivation film 30 to obtain conductivity with the first metal
film, the second metal film, and the first transparent conduc-
tive film.

After the contact holes are opened, the second transparent
conductive film, which is to be the common electrode 40, is
formed. The second transparent conductive film can be
formed of ITO, 170, etc. After that, the patterning is per-
formed, and the common electrode 40 is formed. In this
process, the common electrode 40 is a plate-shaped electrode
with a plurality of slit-shaped openings 41 being formed.

As described above, the TFT array substrate 101 is manu-
factured.

When the TFT array substrate 101 is manufactured, the
passivation film 30 disposed between the pixel electrode 20
and the common electrode 40 may not maintain the insulation
properties due to a foreign object generated during the manu-
facturing process, and a pixel defect ED by a short-circuit
between the pixel electrode 20 and the common electrode 40
may be generated.

As shown in FIG. 1B, when an electrical defect ED is
generated in a part of the pixel by the short-circuit between
the pixel electrode 20 and the common electrode 40, at least
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a part of the branch conductive part 16B which conductively
connects the divided pixel electrode 20D including the gen-
eration region of this electrical defect ED and the drain elec-
trode 16 is removed, and the conductive connection between
the divided pixel electrode 20D including the generation
region of the electrical defect ED and the drain electrode 16 is
blocked.

The removal of at least a part of the branch conductive part
16B can be performed by the laser cut or the like.

In FIG. 2, the region 16A indicates a removable region by
the laser cut or the like.

InFIG. 1B, aregion 16C indicates an example of a removal
region by the laser cut or the like.

In this exemplary embodiment, by blocking the conductive
connection between the divided pixel electrode 20D includ-
ing the generation region of the electrical defect ED and the
drain electrode 16, the divided pixel electrode 20D including
the generation region of the electrical defect ED will not
operate and normal functions as an entire pixel are main-
tained.

According to this exemplary embodiment, a failure of the
entire substrate is suppressed by one or a small number of
electrical defect ED, and thereby improving the yield.

A transmissive liquid crystal display device is obtained by
forming an alignment film on the top surface of'the TFT array
substrate 101 of this exemplary embodiment, obtaining liquid
crystal cells, in which this TFT array substrate 101, a color
filter (CF), and an opposing substrate including an alignment
film formed thereon are adhered with a liquid crystal layer
sandwiched therebetween, and attaching a polarizer, a phase
difference compensation element, a back light (BL) or the
like to this.

As described above, according to this exemplary embodi-
ment, it is possible to provide a TFT array substrate 101 for
the FFS mode including the configuration in which the pixel
electrode 20 and the common electrode 40 are disposed oppo-
site with the insulation film 30 interposed therebetween that
can improve the quality of the product even when the electri-
cal defect is generated in a part of the pixel, and a manufac-
turing method thereof.

[Second Exemplary Embodiment]

A TFT array substrate according to a second exemplary
embodiment of the present invention is explained with refer-
ence to the drawings. Also for the TFT array substrate of this
exemplary embodiment, the FFS mode for transmissive lig-
uid crystal displays is explained as an example.

FIG. 3 is a main part plane view (perspective diagram)
showing a configuration of the TFT array substrate. The ele-
ments same as in the first exemplary embodiment are denoted
by the same reference numerals and the explanation is omit-
ted.

The basic configuration of the TFT array substrate 102 of
this exemplary embodiment is the same as that of the exem-
plary embodiment, and the following points are different.

The first exemplary embodiment explained a configuration
in which, in plane view, the common electrode 40 is not
formed in the main part of the drain electrode 16 (the part
excluding the plurality of branch conductive parts 16B) and a
part of the formation region of the plurality of branch con-
ductive parts 16B, and only the edge of the pixel electrode 20
side of the plurality of branch conductive parts 16B overlaps
the common electrode 40.

In this exemplary embodiment, the formation region of the
common electrode 40 is larger than the first exemplary
embodiment, and in plane view, the plurality of branch con-
ductive parts 16B are included in the formation region of the
common electrode 40. Further, a large part of the main part of
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the drain electrode 16 (the part excluding the plurality of
branch conductive parts 16B) is included in the formation
region of the common electrode 40.

In this exemplary embodiment, the common electrode 40
includes an opening 42 in at least a part of the formation
region of the plurality of branch conductive parts 16B. By this
configuration, in plane view, the configuration is realized in
which the common electrode 40 is not formed in at least a part
of the formation region of the plurality of branch conductive
parts 16B.

In this exemplary embodiment, it is possible to easily
remove at least a part of the branch conductive part 16B by the
laser cut or the like in the opened region of the opening 42 of
the common electrode 40.

Also in this exemplary embodiment, when an electrical
defectis generated in a part of the pixel due to the short-circuit
between the pixel electrode 20 and the common electrode 40,
at least a part of the branch conductive part 16B conductively
connecting the divided pixel electrode 20D including the
generation region of this electrical defect and the drain elec-
trode 16 is removed. Then, the conductive connection
between the divided pixel electrode 20D including the gen-
eration region of the electrical defect and the drain electrode
16 can be blocked.

I, in plane view, the branch conductive part 16B com-
pletely overlaps the common electrode 40, when at least a part
of'the branch conductive part 16B is removed by the laser cut
or the like, there is a possibility that the branch conductive
part 16B of the drain side and the common electrode 40 are
conductively connected, and the short-circuit failure may
expand in the entire pixel electrode 20. However in this exem-
plary embodiment, there is no such possibility.

This exemplary embodiment can also provide a TFT array
substrate 102 for the FFS mode including a configuration in
which the pixel electrode 20 and the common electrode 40 are
disposed opposite with the insulation film 30 interposed ther-
ebetween that can improve the quality of the product even
when the electrical defect is generated in a part of the pixel,
and a manufacturing method thereof, and a liquid crystal
display device using this TFT array substrate 102.

In this exemplary embodiment, it is possible to provide a
liquid crystal display device which has the larger formation
region of the pixel electrode 20 and higher transmittance than
the first exemplary embodiment.

[Third Exemplary Embodiment]

A TFT array substrate according to a third exemplary
embodiment of the present invention is explained with refer-
ence to the drawings. Also for the TFT array substrate of this
exemplary embodiment, the FFS mode for the transmissive
liquid crystal displays is explained as an example.

FIG. 4 is a main part plane view (perspective diagram)
showing a configuration of the TFT array substrate, and FIG.
5 is a cross-sectional diagram taken along line V-V of FIG. 4.
The same elements as the first exemplary embodiment are
denoted by the same reference numerals, and the explanation
is omitted.

The basic configuration of the TFT array substrate 103 of
this exemplary embodiment is the same as that of the exem-
plary embodiment, and the following points are different.

The first exemplary embodiment explained the configura-
tion in which the pixel electrode 20 is a lower electrode and
the common electrode 40 is an upper electrode.

In this exemplary embodiment, the pixel electrode 20 is the
upper electrode, the common electrode 40 is the lower elec-
trode, and the drain electrode 16 and the pixel electrode 20 are
conducted via a contact hole 31 that is opened in the passiva-
tion film 16.
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In this exemplary embodiment, the pixel electrode 20,
which is the upper electrode, is a plate-shaped electrode with
a plurality of slit-shaped openings 21 being formed.

Also in this exemplary embodiment, when focusing on one
pixel, the pixel electrode 20 is divided into a plurality of
divided pixel electrodes 20D.

In this exemplary embodiment, when focusing on one
pixel, a part of the pixel electrode 20 or a pixel electrode
extended part extended from the pixel electrode 20 composes
a plurality of branch conductive parts 20B that each conduc-
tively connect the drain electrode 16 and the plurality of
divided pixel electrodes 20D, and a connection conductive
part 20C that connects the plurality of branch conductive
parts 20B and the contact hole 31.

In this exemplary embodiment, in plane view, the common
electrode 40 is not formed in a part of the formation region of
the connection conductive part 20C and the plurality of
branch conductive parts 20B, and only edge of the plurality of
branch conductive parts 20B overlaps the common electrode
40. By this configuration, in plane view, the configuration is
realized in which the common electrode 40 is not formed in at
least a part of the formation region of the plurality of branch
conductive parts 20B.

When an electrical defect is generated in a part of the pixel
by a short-circuit between the pixel electrode 20 and the
common electrode 40, at least a part of the plurality of branch
conductive parts 20B is removed so as to block the conductive
connection between the divided pixel electrode 20 including
the generation region of the electrical defect and the drain
electrode 16.

In this exemplary embodiment, since the pixel electrode 20
is in the top layer and formed in the upper layer of the passi-
vation film 30, the plurality of branch conductive parts 20B
are in the top layer, and it is possible to easily remove at least
a part of the branch conductive part 20B by laser cut or the
like.

A region 20A in FIG. 5 indicates an example of a remov-
able region by laser cut or the like.

Also in this exemplary embodiment, when an electrical
defectis generated in a part of the pixel due to the short-circuit
between the pixel electrode 20 and the common electrode 40,
at least a part of the branch conductive part 20B conductively
connecting the divided pixel electrode 20D including the
generation region of this electrical defect and the drain elec-
trode 16 is removed, and the conductive connection between
the divided pixel electrode 20D including the generation
region of the electrical defect and the drain electrode 16 can
be blocked.

If, in plane view, the branch conductive part 20B com-
pletely overlaps the common electrode 40, when at least a part
of'the branch conductive part 20B is removed by the laser cut
or the like, there is a possibility that the branch conductive
part 20B of the drain side and the common electrode 40 are
conductively connected, and the short-circuit failure may
expand in the entire pixel electrode 20. However in this exem-
plary embodiment, there is no such possibility.

This exemplary embodiment can also provide a TFT array
substrate 103 for the FFS mode including a configuration in
which the pixel electrode 20 and the common electrode 40 are
disposed opposite with the insulation film 30 interposed ther-
ebetween that can improve the quality of the product even
when the electrical defect is generated in a part of the pixel,
and a manufacturing method thereof, and a liquid crystal
display device using this TFT array substrate 103.

[Fourth Exemplary Embodiment]

A TFT array substrate according to a fourth exemplary

embodiment of the present invention is explained with refer-
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ence to the drawings. Also for the TFT array substrate of this
exemplary embodiment, the FFS mode for the transmissive
liquid crystal displays is explained as an example.

FIG. 6 is a main part plane view (perspective diagram)
showing a configuration of the TFT array substrate. The same
elements as the first exemplary embodiment are denoted by
the same reference numerals, and the explanation is omitted.

This exemplary embodiment incorporates the configura-
tion of the third exemplary embodiment in the second exem-
plary embodiment.

Therefore, the basic configuration of a TFT array substrate
104 of this exemplary embodiment is the same as that of the
second and third exemplary embodiments, and the following
points are different.

Also in this exemplary embodiment, as in the third exem-
plary embodiment, the pixel electrode 20 is the upper elec-
trode, the common electrode 40 is the lower electrode, and the
drain electrode 16 and the pixel electrode 20 are conducted
via the contact hole 31 that is opened in the passivation film
16.

Also in this exemplary embodiment, when focusing on one
pixel, the pixel electrode 20 is divided into a plurality of
divided pixel electrodes 20D.

In this exemplary embodiment, when focusing on one
pixel, a part of the pixel electrode 20 or a pixel electrode
extended part extended from the pixel electrode 20 composes
a plurality of branch conductive parts 20B that each conduc-
tively connect the drain electrode 16 and the plurality of
divided pixel electrodes 20D, and a connection conductive
part 20C that connects the plurality of branch conductive
parts 20B and the contact hole 31.

In this exemplary embodiment, as in the second exemplary
embodiment, in plane view, the plurality of branch conduc-
tive parts 20B are included in the formation region of the
common electrode 40, and the connection conductive part
20C is also included in the formation region of the common
electrode 40.

In this exemplary embodiment, the common electrode 40
includes the opening 42 in at least the formation region of the
plurality of branch conductive parts 20B. By this configura-
tion, in plane view, the configuration is realized in which the
common electrode 40 is not formed in at least a part of the
formation region of the plurality of branch conductive parts
20B.

In this exemplary embodiment, as in the third exemplary
embodiment, since the pixel electrode 20 is in the top layer
and formed in the upper layer of the passivation film 30, the
plurality of branch conductive parts 20B are in the top layer,
and it is possible to easily remove at least a part of the branch
conductive part 20B by laser cut or the like.

I, in plane view, the branch conductive part 20B com-
pletely overlaps the common electrode 40, when at least a part
of'the branch conductive part 20B is removed by the laser cut
or the like, there is a possibility that the branch conductive
part 20B of the drain side and the common electrode 40 are
conductively connected, and the short-circuit failure may
expand in the entire pixel electrode 20. However in this exem-
plary embodiment, there is no such possibility.

Also in this exemplary embodiment, when an electrical
defectis generated in a part of the pixel due to the short-circuit
between the pixel electrode 20 and the common electrode 40,
at least a part of the branch conductive part 20B conductively
connecting the divided pixel electrode 20D including the
generation region of this electrical defect and the drain elec-
trode 16 is removed, and the conductive connection between
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the divided pixel electrode 20D including the generation
region of the electrical defect and the drain electrode 16 can
be blocked.

This exemplary embodiment can also provide a TFT array
substrate 104 for the FFS mode including a configuration in
which the pixel electrode 20 and the common electrode 40 are
disposed opposite with the insulation film 30 interposed ther-
ebetween that can improve the quality of the product even
when the electrical defect is generated in a part of the pixel,
and a manufacturing method thereof, and a liquid crystal
display device using this TFT array substrate 104.

Also in this exemplary embodiment, it is possible to pro-
vide a liquid crystal display device which has the larger for-
mation region of the pixel electrode 20 and higher transmit-
tance than the first exemplary embodiment.

“Design Variation”

The present invention is not limited to the above exemplary
embodiments, but the design can be modified in the scope
without departing from the scope of the present invention.

The above exemplary embodiments explained the example
of'using an amorphous silicon (a-Si) film for the semiconduc-
tor film 14, however it is not limited to this but it is possible to
use a microcrystalline or polycrystalline silicon film and a
compound semiconductor film including oxide and/or
nitride.

Although the above exemplary embodiments explained the
TFT array substrate for the transmissive liquid crystal display
device, it can be applied to a TFT array substrate for a reflec-
tive or transflective liquid crystal display device.

From the invention thus described, it will be obvious that
the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modi-
fications as would be obvious to one skilled in the art are
intended for inclusion within the scope of the following
claims.

What is claimed is:
1. A thin film transistor array substrate, comprising:
a plurality of pixels arranged in a matrix, each of the pixels
including
a gate electrode,
a gate insulation film,
athin film transistor including a semiconductor film of at
least one layer including a channel layer, and a source
electrode and a drain electrode formed distant from
each other,
a plurality of branch conductive parts,
a pixel electrode conductively connected to the drain
electrode, and
acommon electrode that is overlapped by the pixel elec-
trode in a plan view with an insulation film interposed
therebetween, wherein
the pixel electrode is divided into a plurality of divided
pixel electrodes that are separated from each other,
the pixel electrode is formed on a same layer as each of the
plurality of branch conductive parts, the pixel electrode
and the drain electrode are arranged on a same side of the
insulation film, and at least a part of the pixel electrode
and at least a part of each of the plurality of branch
conductive parts being disposed immediately above a
same film, said same film being the gate insulation film,
each of the plurality of branch conductive parts is formed
from a film alone,
each of the plurality of branch conductive parts is con-
nected to a corresponding different one of the plurality
of divided pixel electrodes,
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each of the plurality of divided pixel electrodes is not
directly connected to each other and is electrically con-
nected to each other only through (i) the branch conduc-
tive part and a main portion of the drain electrode, or (ii)
the branch conductive part and a connection conductive
part,

for each of the plurality of branch conductive parts, the

edge is directly connected to the drain electrode or the
connection conductive part that is electrically connected
to the drain electrode, and another edge is directly con-
nected to only one of the plurality of divided pixel elec-
trodes, and

a region not overlapped with the common electrode in the

plan view is provided in at least a part of a formation
region of each of the plurality of branch conductive
parts.

2. The thin film transistor array substrate according to
claim 1, wherein the pixel electrode or the common electrode
is an upper electrode and is a plate-shaped electrode including
a plurality of openings, and in plan view, the plurality of
openings of the upper electrode are included in a formation
region of each of the divided pixel electrode.

3. The thin film transistor array substrate according to
claim 1, wherein in plane view, the plurality of branch con-
ductive parts are included in a formation region of the com-
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mon electrode, and the common electrode includes the open-
ing in at least a part of the formation region of the plurality of
branch conductive parts.
4. A liquid crystal display device comprising the thin film
transistor array substrate according to claim 1.
5. A manufacturing method of a TFT array substrate
according to claim 1, comprising:
when an electrical defect is generated in a part of the pixel,
removing at least a part of the branch conductive part
that conductively connects the divided pixel electrode
including a generation region of the electrical defect and
the drain electrode; and
blocking the conductive connection between the divided
pixel electrode including the generation region of the
electrical defect and the drain electrode.
6. The thin film transistor array substrate according to
claim 1, wherein:
the pixel electrode is arranged on a first plane; and
the common electrode is arranged on a second plane dif-
ferent from the first plane.
7. The thin film transistor array substrate according to
claim 1, wherein:
the common electrode is overlapped by all of each of the
plurality of divided pixel electrodes in the plan view.
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